
. 
- 1  . . - .  .. 

UNIVERSITY OF MARYLAND 
COMPUTER SCIENCE CENTER 

COLLEGE PARK, MARYLAND 



Te c h n i  c a 1 Rep o r  t TR -6 4 -9 
NsG-398 June 1964 

U t i l i z i n g  t h e  Macro Genera tor  of IBMAP 

f o r  t h e  IBM 7090/7094* 

by 
Gerald M. Berns 

IBM Corpora t i o n  

*The computer t i m e  f o r  t h i s  p r o j e c t  was suppor t ed  by t h e  
N a t i o n a l  Aeronaut ics  and Space Admin i s t r a t ion  Grant  NsG-398. 
The a u t h o r  performed t h e  work w h i l e  a s s igned  t o  t h e  Computer 
S c i e n c e  C e n t e r  a s  t h e  IBM Systems R e p r e s e n t a t i v e .  



ABSTRACT 

This  r e p o r t  i s  designed t o  be a manual for u s i n g  the 
macro c a p a b i l i t i e s  of t h e  IBMAP language.  The  concep t  of 
macro i n s t r u c t i o n s  i s  described and i n s t r u c t i o n s  for  the 
d e f i n i t i o n  and use  of o r d i n a r y  macros, n e s t e d  macros, and 
r e c u r s i v e  macros are g i v e n ,  w i th  many i l l u s t r a t i v e  exam- 
p l e s .  Special a t t e n t i o n  i s  given t o  t h e  concept  of "set-  
v a l u e "  and t o  the SET, IFT, IFF, and I R P  pseudo-opera t ions .  

A l s o  inc luded  are s e v e r a l  F o r t r a n - l i k e  macro u e f i n i -  
t i o n s  which might be of v a l u e  t o  t h e  IBMAP programmer. 
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UTILIZING THE MACRO GENERATOR OF IBMAP FOR 

THE IBM 7690/7094 

INTRODUCTION 

The IBMAP macro g e n e r a t o r  has  more c a p a b i l i t y  than  had 
t h e  macro g e n e r a t o r s  of t h e  assembly languages which p re -  
ceded i t .  Unfo r tuna te ly ,  a p p l i c a t i o n s  programmers i n  t h e  
p a s t  have made l i t t l e  use of the  power a v a i l a b l e  i n  t h e  
macro g e n e r a t o r s  of t he  o l d e r  languages ,  and they  show l i t t l e  
s i g n  of t a k i n g  advantage of the  g r e a t e r  macro power a v a i l -  
a b l e  t o  them now. Much of t h e  programmers' r e l u c t a n c e  t o  
u t i l i z e  macros can be  a t t r i b u t e d  t o  t h e  "mystique" which 
s e e m s  t o  surround t h e s e  pseudo-operat ions--a  "mystique" 
t h a t  a r i s e s  i n  t h e  very name "macro" i t s e l f  and t h a t  is 
p e r p e t u a t e d  b y  t h e  s c a r c i t y  of i n fo rma t ion  on t h e  s u b j e c t ;  
I am aware of  no IBM Educat ion C e n t e r  c l a s s e s  t h a t  t each  
t h e  u s e  of macros i n  any dep th .  And i f  programmers speak 
i n  hushed tones  of macro i n s t r u c t i o n s ,  they shudder a t  t h e  
sound of " n e s t e d "  macros and p o s i t i v e l y  b l anch  whenever 
a " r e c u r s i v e "  macro happens t o  be mentioned. Se t -va lues  I 

t h e  SET pseudo-opera t ions  and coupled " i f  I' s t a t e m e n t s  
(and uncoupled, t oo  f o r  t h a t  m a t t e r ) ,  a r e  p r a c t i c a l l y  un- 
heard  o f ,  and t h e  I R P  o p e r a t i o n  h a s  on i t  t h e  d u s t  of 
y e a r s  of d i s u s e .  

What i s  r e q u i r e d  i s  a s t r a i g h t - f o r w a r d  p r e s e n t a t i o n  
of what a macro i n s t r u c t i o n  i s ,  how one i s  def ined  t o  do 
a p a r t i c u l a r  j ob ,  and how t h e  de f ined  macro i s  u s e d .  
Without t h i s  i n fo rma t ion  a l a r g e  p a r t  of t h e  improvement 
i n  IBMAP over  i t s  p r e d e c e s s o r s  is  l o s t .  This  p o i n t  is 
made s t r o n g l y  and simply b y  cons ide r ing  t h e  acronym 
"IBMAP" i t s e l f ;  i t  s t a n d s  f o r  the  IBM Macro Assembly 
Program. 
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I 

i n s t r u c t i o n  be d e f i n e d  before i t s  i n i t i a l  u s e  i n  a program 
deck. Each macro i n s t r u c t i o n  used i s  expanded by t h e  assembly 
program a t  the place i n  t h e  program deck  a t  which i t  o c c u r s .  
Each macro i n s t r u c t i o n  i s  t h u s  a u t o m a t i c a l l y  r e p l a c e d  by t h e  
p e r t i n e n t  i n s t r u c t i o n s  f r o m  the macro d e f i n i t i o n .  I n  t h i s  
way the  prograqmer i s  r e l i e v e d  of t h e  chore o f  w r i t i n g  t h e  
blocks of code ,  and i n  t h i s  way can code be g e n e r a t e d  i n  
the program deck which can  be g e n e r a t e d  by no other method. 

Macro i n s t r u c t i o n s  have t w o  major u s e s :  t h e y  s a v e  the 
programmer t h e  t i m e  and e f f o r t  involved  i n  w r i t i n g  r e p e t i t i o u s  
b l o c k s  of code, and they  e n a b l e  the  programmer t o  accomplish 
t a s k s  w i t h i n  ar, assembly language program t h a t  c a n n o t  be done 
i n  any o t h e r  way. 

~ 

CLA XA 
ADD XB 
S TO xc 

CLA 
ADD 
S TO 

CIA 
ADD 
STO 

X 
Y 
Z 

XB 
Z 
A 
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The programmer could have saved h imsel f  t h e  e f f o r t  o f  w r i t -  
ing  t h e  r e p e t i t i o u s  sequences of  i n s t r u c t i o n s  by d e f i n i n g  a simple 
macro i n s t r u c t i o n  t o  do the same job ,  such as:  

columns 1 8 14-16 
STOSUM MACRO A ,  B ,  C 

CLA A 
ADD B 
STO C 
ENDM STOSUM 

where t h e  symbol used i n  t h e  l o c a t i o n  f i e l d  o f  t h e  MACRO pseudo- 
o p e r a t i o n  Secomes t h e  name of the  macro i n s t r u c t i o n  (it  may be 
t h e  same a s  any o t h e r  v a l i d  symbol used i n  t h e  program).  The 
v a r i a b l e  field of t h e  MACRO pseudo-op c o n t a i n s  a l i s t  of  "dummy" 
arguments (any of  which may be the  same as any symbol used i n  
t h e  program o r  any o t h e r  macro d e f i n i t i o n ) ,  each  of which i s  re- 
p l aced  by r e a l  arguments when t h e  macro i n s t r u c t i o n  i s  used i n  
t h e  program deck. Each macro d e f i n i t i o n  must be ended by t h e  
pseudo-op ENDM w i t h  the name of t h e  d e f i n e d  macro o p e r a t i o n  i n  
t h e  f i r s t  var iable  f i e l d  ( o r  e l s e  b l a n k s ) .  

The programmer, having p rope r ly  de f ined  h i s  macro o p e r a t i o n ,  
may now use it  i n  h i s  program deck as fo l lows :  

8 
S TOS UM XA, XB,  XC 

STOSUM x, Y ,  z 

The i n s t r u c t i o n s  a c t u a l l y  assembled i n  t h e  program deck w i l l  
be i d e n t i z a l  t o  t h e  i n s t r u c t i o n s  t h a t  w e r e  w r i t t e n  e a r l i e r  wi th -  
o u t  u s i n g  tF.e macro i n s t r u c t i o n ,  b u t  the  programmer, by  us ing  the 
macro i n s t r u c t i o n  STOSTJM, h a s  saved t h e  t i m e  r e q u i r e d  t o  w r i t e  the 
r e p e t i t i o u s  code. The t i m e  saving i n  many cases can be s u b s t a n t i a l .  
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A macro d e f i n i t i o n  i s  l i m i t e d  t o  63 s u b s t i t u t a b l e  ("dummy") 
arguments ,  each  one of which must n o t  be more t h a n  6 c h a r a c t e r s  
long .  These arguments may be used t o  r e p r e s e n t  t h e  l o c a t i o n  f i e l d ,  
t h e  o p e r a t i o n  f i e l d ,  t h e  v a r i a b l e  f i e l d  ( a s  has  a l r e a d y  been shown), 
and t h e  comments f i e l d  of any i n s t r u c t i o n  i n  t h e  macro d e f i n i t i o n - -  
o r  any one, two, o r  t h r e e  of these  f i e l d s .  For example, c o n s i d e r  
t h e  macro d e f i n i t i o n  

QPOLY MACRO COEFF,  LOOP, DEG, T ,  O P  
AXT DEG, T 
I4DQ COEFF 

LOOP FMP GAMMA 
OP COEFF + DEG d- 1, T 
XCA 
T XX LOOP, T ,  1 
ENDM QPOLY 

Suppose i t  w e r e  u s e d  i n  a program deck a s  fo l lows :  

CLA X 

STO Y 
X 0 1 5  QPOLY C 1  - 4 ,  F I R S T ,  5 ,  4 ,  FAD 

t h e n  t h e  code t h a t  would be genera ted  b y  t h e  macro QPOLY i s :  

X 0 1 5  AXT 5 ,  4 

F I R S T  FMP GAMMA 

XCA 
T IX F I R S T ,  4 ,  1 

LDQ c 1  - 4 

FAD c1 + 2 ,  4 

Note t h a t  t h e  l o c a t i o n  f i e l d  of QPOLY c o n t a i n s  t h e  symbol 
X 0 1 5  and t h a t  t h i s  symbol becomes t h e  name of  t h e  f i r s t  i n s t r u c t i o n  
i n  t h e  macro expans ion .  Note a l s o  t h a t  t h e  symbol GAMMA is n o t  a 
dummy argument s i n c e  it does n o t  appear i n  t h e  v a r i a b l e  f i e l d  of 
t h e  MACRO pseudo-op; i t  i s  an o rd ina ry  symbol and i s  c a l l e d  ' ' text" .  

A macro d e f i n i t i o n ,  a l though i t  t a k e s  space  on t h e  coding sheet 
t o  w r i t e  i t ,  does n o t  t a k e  c o r e  space away from t h e  e x e c u t a b l e  pro- 
gram. When t h e  assembly program encoun te r s  a macro d e f i n i t i o n  i t  
i n s e r t s  i t  i n  a s p e c i a l  form i n t o  t h e  "macro s k e l e t o n  t a b l e "  ( space  
i n  t h e  assembler  s e t  a s i d e  f o r  macro d e f i n i t i o n s )  and p l a c e s  t h e  
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name of tl-5 macro i n s t r u c t i o n  i n  t h e  o p e r a t i o n  code d i c t i o n a E y .  
Thus, t3e macro d e f i n i t i o n  r e q u i r e s  c o r e  on ly  d u r i n g  assembly - 
n o t  d u r i n g  e x e c u t i o n .  

I f  a macro i n s t r u c t i o n  name i s  t h e  same as t h e  name o f  any 
hardware or pseudo-operat ion (such as ,  f o r  example, CLA) t hen  t h e  
o p e r a t i o n  i s  r e d e f i n e d  by the macro d e f i n i t i o n .  

A macro d e f i n i t i o n  may c o n t a i n  i n  i t  any hardware i n s t r u c t i o n s ,  
pseudo-opera t ions ,  macro i n s t r u c t i o n s ,  o r  macro d e f i n i t i o n s .  I f  
it c o n t a i n s  a n o t h e r  macro i n s t r u c t i o n ,  t h e n  t h e  macro i n s t r u c t i o n  
w i t h i n  is cal led a "nes t ed"  macro. 

"Dummy" arguments i n  t h e  v a r i a b l e  f i e l d  o f  a MACRO pseudo op  
may be s e p a r a t e d  one from t h e  other by any of =+-*/ , ' O .  The 
fol lowir ,g  are a l l  e q u i v a l e n t  and v a l i d :  

X Y Z  MACRO LOAN, RATE, I N T R S T  

X Y Z  MACRO LOAN*RATE= INTRST 

XY z MACRO LOAN (RATE) I N T R S T  

P a r e n t h e s e s ,  when used ,  must be used i n  pa i r s .  Only corrur.as 
or p a r e n t h e s e s  may be used t o  s e p a r a t e  t h e  arguments  o f  a macro 
i n s t r u c t i o n .  When i n  doubt  a b o u t  which d e l i m i t e r  t o  u s e ,  use  
t h e  comma; it i s  always v a l i d .  

The apos t rophe  i s  used t o  i n s e r t  a s u b s t i t u t a b l e  argument i n -  
t o  any f i e l d .  For example,  look a t  t h e  d e f i n i t i o n  of the macro 
i n s t r u c t i o n  MESS: 

MESS MACRO A ,  B, C 
B C I  A ,  I B ERROR. CONDITION C " IGNORED 
ENDM MESS 

I f  used  as  fo l lows :  

MESS 

i t  produces :  

BCX 

If it i s  used as:: 

MESS 

6 , W R I T E ,  S 

6 , WRITE ERROR. CONDITIONS IGNORED. 

6 , F I E L D ,  



6 

it produces:: 

S C I  6 ,  FIELD ERROR. CONDITIOY IGNORE3.  

It may a l so  5 e  used as fo l lows :  

MESS 8,  (READ REDCNDANCY 1 I 

which produces :  

BC I 8 ,  READ REDZSTDAMC'Y ERROR. CONDITLON IGNORED. 

Observe t3at  a t r a i l i n g  comma i n d i c a t e s  t h a t  the  p e r t i n e n t  
s u b s t i t u t a b l e  argument i s  t o  be rep laced  by no th ing  (a  " n u l l "  
f i e l d )  and ths t  a comma fol lowed by an opzn pa ren  does n o t  i n -  
d i c a t e  a n u l l  f i e l d  - i n  t h i s  case t h e  comma i s  redundant  b u t  
a l l o w a b l e .  A l s o  n o t e  t h a t  e v e r y t h i n g  ( b l a n k s  i n c l u d e d )  w i t h i n  
a p a i r  of p a r e n t h e s e s  replaces the a p p r o p r i a t e  '*dummy" argument;  
t h i s  i s  i n  fac t  t h e  only  way t o  have an  imbedded b l a n k  i n  t h e  v a r i -  
able f i e l d  of  a macro i n s t r u c t i o n  w i t h o u t  s t o p p i n g  t h e  var ia5le  
f i e l d  s c a n .  Any macro i n s t r u c t i o n  argument may be p l a c e d  w i t h i n  
p a r e n t h e s e s  i f  d e s i r e d  - this f e a t u r e  i s  n o t  r e s t r i c t e d  t o  on ly  
t h o s e  a r g u n e n t s  conta in ing  imbedded b l a n k s .  

Another  example of a macro d e f i n i t i o n :  

when used  as follows: 

It produces :  

RXT 1 0 , 1  BEGIN ROUTIXE 
ALPEA TRA BETA 



T o  a p p r e c i a t e  t h e  p o s s i b i l i t i e s  i n h e r e n t  i n  IBMAP macro def -  
i n i t i o n s ,  it i s  necessa ry  a t  the o n s e t  t h a t  t h e  r e a d e r  become 

f a m i l i a r  w i t h  the  workings of the I R P ,  SET, IFT and IFF pseudo- 
o p e r a t i o n s  and understand t h e  s e t -  o r  S-value concept .  

I R P  - t h e  I n d e f i n i t e  Repeat Pseudo-Operation 

Suppose one found t h a t  he had occas ion  t o  w r i t e  s e v e r a l  
t i m e s  i n  a program deck code like t h e  fo l lowing:  

CLA 
FAD 
FAD 
FAD 
FAD 
FAD 

CHAS 
XY 
z 
=.012 
AL 
RUTH 

b u t  t h a t ,  on each occurrence  o f  t h i s  p a r t i c u l a r  b l o c k  of code,  
a d i f f e r e n t  number o f  FAD's were r e q u i r e d .  
macro d e f i n i t i o n  t h i s  problem i s  e a s i l y  so lved ,  a s  fo l lows:  

Using IRP i n  t h e  

SUM MACRO A , B  
CLA A 
I R P  B 
FAD B 
I R P  
EJSDM SUM 

The macro i n s t r u c t i o n  i s  u s e d  a s  fo l lows:  

SUM CHAS (XY I Z I =  012 , A L  ,RUTH) 

The code gene ra t ed  i s  i d e n t i c a l  t o  t h a t  shown above. 
SUM w i t h  fewer ( o r  more) subarguments works e q u a l l y  w e l l :  

Using 

SUM A (E3 , C )  produces CLA A 
FAD B 
FAD C 



8 

CLA A 
FAD B 

3 3M A ( B )  

s LW A / B  
or produces 

I n  a macro d e f i n i t i o n  an  I R P  o c c u r r i n g  w i t h  one 'fdummyn' argu-  
ment i n  t h e  v a r i a b l e  f i e l d  denotes  t h e  beg inn ing  of  an "IRP  loop"^ 
and an  I R P  w i t h  a b l a n k  var iable  f i e l d  deno tes  the end of  an  " T R P  
l oop" .  Within t h i s  l o o p  each  argument of t h e  macro i n s t r n c t i o r i  
w i t h i n  t h e  pa ren theses  (each  is c a l l e d  a "subargument'l) r e p l a c e s  
the p e r t i n e n t  "dummy" argument each t i m e  th rough the loop, an3 the 
l o o p  i s  n e g o t i a t e d  as many t i m e s  a s  there are subarguments.  I f  
t h e  p e r t i n e n t  argument i s  n u l l  - t h a t  i s ,  i f  t h e r e  are no subargu- 
ments ,  the e n t i r e  " I R P  loop" i s  e l i m i n a t e d .  

3 2 Suppose one had t o  code t h e  polynomial AX4 + BX + CX + DX + E ,  
which can be r e w r i t t e n  ( ( ( A X  + B ) X  + C ) X  + D > X  + E ,  where A , B , C  
and D a re  c a l l e d  " c o e f f i c i e n t s "  and E i s  a c o n s t a n t  which may be 
cons ide red  t o  be t h e  c o e f f i c i e n t  of X o ( l ) .  The code might  be: 

CLA 
[XCA 
FMP 
FAD 

A 

X 
B 

X 
C 

X 
D 

X 
E 

Note t h a t  t h e  r e p e a t i n g  group of i n s t r u c t i o n s  i s  

XCA 
FMP X 
FAD COEFF (except  the f i r s t ,  or  h i g h  o r d e r  

c o e f f i c i e n t )  

A macro might  be d e f i n e d  f o r  j u s t  t h i s  r e p e a t i n g  group: 
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RE PEAT MACRO C O E V  a I.7.??R 

IRP C C E W  
XCA 
FMP VAR 
F A 3  CCEr'F 
IRP 
E-WM R 3  PEAT 

Another  macro, POLY, might  be de f ined  t o  s ~ l v e  the polynomia l ,  
u s i n g  t k e  n e s t e d  macro i n s t r u c t i o n  REPEAT: 

MACRO CQEFFl, COEFF ,VAR 
CLA COYXI 1 
REPEAT (COEE'F) VAR 
ENDM POLY 

POLY, if used  as follows: 

produces  t h e  same code g i v e n  above. COEPF i s  w r i t t e n  w i t h i n  paren-  
t h e s e s  i n  t h e  variable f i e l d  of t h e  n e s t e d  macro i n s t r u c t i o n  
REPEAT because. it will be r e p l a c e d  by subarguments and the t r a n s -  
m i s s i o n  of a l l  subarguments i s  d e s i r e d .  

POLY might  have been d e f i n e d  i n  one macro d e f i n i t i o n ,  e l fmina-  
t i n g  t h e  n e s t e d  macro, as fo l lows :  

POLY MACRO COEFFl,COEFF,VAR 
CLA COEFY1 
IRP COEFF 
XCA 
FMP VA R 
FAD COEFF 
IRP 
ENDM POLY 

If used  as above it produces t h e  same code. 

N o t e  t h a t  t h e  macro POLY, once d e f i n e d  as above,  may be used t o  
e v a l u a t e  a polynomial of any o r d e r ,  n o t  j u s t  one of f o u r t h  o r d e r !  

The pseudo-op IRP may only  be used i n  a macro d e f i n i t i o n :  i t  
i s  unde f ined  elsewhere. Nested "IRP l o o p s "  (:-.e. " I R P  loops" w i t h i r ,  
"IRP loops")  are n o t  a l lowed:  however, n e s t e d  macro i n s t r u c t i o n s  
which themselves  contain"1RP loops" are al lowed w i t h i n  an  " I R P  l oop"  
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and t h i s  type  of  coding  may con t inue  t o  any  "depth"  ( level of 
n e s t i n g  of macres!. 

Set-Value 

A set- or S-value i s  t h e  "immediate" v a l u e  that 3 symbol  ~5 

a s s i g n e d  d u r i n g  t h e  f i r s t  pass  of t h e  assembler ,  and it is t F e  
f i r s t  pass of t h e  assembler t h a t  i s  of importance i n  t k e  w r i t i n g  
o f  macros.  During i t s  f i r s t  p a s s  t h e  assembler  p r o c e s s e s  t h e  d e c k  
s e r i a l l y ;  tha t  i s ,  i n s t r u c t i o n s  a r e  p rocessed  i n  t h e  o r d e r  i n  wl-~zk. 
t hey  occur  i n  t h e  c a r d  deck,  r e g a r d l e s s  of whether  loza t -or  ZOUP-  

ters or O R G ' s  have been used and r e y a r d l e s s  of l o c a t i o n  cout-,tt=r 
h i e r a r c h y .  W-en a symbol appears i n  t h e  l o c a t i o n  f i e l d  ~ L . P .  It 
i s  d e f i n e d ;  of  any i n s t r u c t i o n  (except  S E T ) ,  it i s  a s s i g n e d  a 
s e t - v a l u e  o f  1. Any symbol which i s  used b e f o r e  i t  i s  de f  med has 
a s e t - v a l u e  o f  z e r o  a s s o c i a t e d  w i t h  it a t  t h a t  p l a c e  i n  t h e  deck.  
I n  t h e  f o l l o w i n g  example, a t  the p o i n t  !A) t h e  s e t - v a l u e  of X is 
z e r o  and the s e t - v a l u e  of Y i s  1, and a t  t h e  p o i n t  ( B )  t h e  set  
v a l u e  o f  b o t h  X and Y i s  1: 

Y 

X 

USE STOR 
DEC 10  
USE 
CLA X 
ADD Y 

US E PREVIOUS 
DEC 5 
USE PREVIOUS 
DVH X (B 1 

The set-value of a symbol may be changed from 1 o r  z e r o  t o  o t h e r  
v a l u e s  b y  us ing  t h e  symbol i n  a SET o p e r a t i o n .  

The SET Pseudo-Operation 

The symbol appea r ing  i n  the l o c a t i o n  f i e l d  o f  a SET pseudo op 
i s  d e f i n e d ,  o r ,  i f  it h a s  appeared i n  t h e  l o c a t i o n  f i e l d  o f  a p re -  
v i o u s  SET, i t s  s e t - v a l u e  i s  r ede f ined .  I ts  new s e t - v a l u e  i s  e q u a l  
t o  t h e  r e s u l t i n g  s e t - v a l u e  of t h e  e x p r e s s i o n  appea r ing  i n  t h e  v a r i -  
able f i e l d .  The maximum se t -va lue  i s  3 2 7 6 7 :  set-values  a re  modulo 
32768. For  example, c o n s i d e r  t h e  fo l lowing  sequence of  i n s t r u c t i o n s :  
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s-value of s-:r2lue of p 

J S E T  1 0  1 0  
(A 1 AXT K', 4 1 0  

K SET 2 1  10 
J SET K/J 2 
K SET J 2 

0 
0 

2 1  
2 1  

2 

N o t e  t h a t  the  i n s t r u c t i o n  a t  ( A )  i s  assembl23 as  AXT 0 ,4 .  

The primary u t i l i t y  of SET i n  macros is count ing  withir? ar: T R P  
loop. 

Suppose i n  a program deck t h e  f o l l o w i n g  seqGence cf i n s t r u c -  
t i o n s  appeared many t i m e s :  

I_: PZE 

"+ 
A 
B 

N 

b u t  each t i m e  t h e  number 
the d e s i r e d  t r a n s f e r  w a s  
i n g  the l a s t  PZE.  Using 
ables a macro t o  be w r i t t e n  t o  accomplish t h i s  t a sk :  

of  P Z E ' s  w a s  d i f f e r e n t  and each  t i m e  
t o  the i n s t r u c t . i o n  immediately fo l low-  
the SET pseudo-op i n  an  IRF loop en- 

LOC 2 MACRO 
Z " Z .  S E T  

I R P  
Z . Z .  S E T  

I R P  
TRA 
I R P  
PZE 
I R P  
ENDM 

A 
0 
A 
z.z.+1 

*+z .z .+l 
A 
A 

LOC 2 
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The s e t - v a l u e  o f  t h e  symbol 2.2. i s  used  h e r e  as  a c o u n t i r .  
The f i r s t  t h i n g  t h a t  i s  done i n  t h e  macro d e f r n i t i o n  1 s  tl-at it 
i s  S E T  t o  z e r o  { o r  " i n i t i a l i z e d " ) .  T h e  f i r s t  Z R P  loop is  on  
"dummy'8 argument A ,  and Z , Z .  i s  incremented by ons  each t r m =  
th rough t h e  loop. S i n c e ,  as  we  have used i t  tbern a r e  f i v e  sub- 
argument (A1 # BII Cl, D1# and E l )  which r e p l a c e  t h e  'dummy '' argu-  
ment A ,  a t  t h e  c o n c l u s i o n  of t h e  l a s t  !fiftF,\ trip through t h e  
f i r s t  I R P  t h e  s e t - v a l u e  of Z . Z .  i s  5 .  S i n c e  f o r  t h i s  usaqe t h e r e  
w i l l  a l s o  be f i v e  P Z E ' s  (a PZE f o r  each  subargument) tl;e d e s i r e d  
t r a n s f e r , * + Z . Z . + l ,  w i l l  be t o  *+6. Thus, t Y . 3  cod2 gene ra t ed  w i l l  
be : 

TRA *+6 
PZE A 1  
PZE B 1  
PZE c 1  
PZE D1 
PZE E l  

I t  can  be seen  t h a t  t h e  macro LOC2 w i l l  be v a l i d  f o r  any 
number o f  subarguments ( P Z E ' s  d e s i r e d ) .  

It  i s  t h e  a u t h o r ' s  convent ion  t o  w r i t e  " S e t  symbols3' of 
the form " Z . Z . "  o n l y .  The i n t e r s p e r s e d  p e r i o d s  h e l p  t o  avoid 
i n a d v e r t e n t  u s e  of t h e  " S e t  symbol" i n  t h e  l c c a t f c n  f i e l d  of 
any o t h e r  o p e r a t i o n  t h a n  SET, which would r e s u l t  ir, %he syrrbol 
b e i n g  " improper ly  q u a l i f i e d "  

IFT AND IFF ,  t h e  "If True" and "If F a l s e "  Pseudo-ODerations 

Most o f  t h e  improvement i n  power i n  t h e  ISMAP macro g e p e r a t o r  
i s  due t o  t h e  many new f e a t u r e s  of I F T  and IFF ,  
ment ,  used a l o n e  o r  i n  c o n j u n c t i o n  w i t h  o t h e r  " i f u J  s t a t e m e n t s ,  
d e t e r m i n e s  i f  t h e  s i n q l e  n e x t  i n s t r u c t i o n -  (5e i t  a hardware i n -  
s t r u c t i o n ,  pseudo op, or macro instruction! i m e d i a t e l y  fo l low-  
i n g  t h e  " i f "  s t a t e m e n t  (or group of ' ' i f r v  s t a t e m e n t s )  will 5e 
assembled o r  n o t .  I f  t h e  c o n d i t i o n  s p e c i f l e d  by t h e  "if" s ta te -  
ment  is m e t ,  o r  i f  t h e  r e q u i s i t e  c o n d i t i o r s  s p e c i f i e d  by  a group 
of ' ' i f "  s t a t e m e n t s  a c t i n g  i n  con junc t ion  is net, t h e  next single 
i n s t r u c t i o n  i s  assembled;  i f  t h e  r e q u i s i t e  cond i t io r ,  ( s )  are  n o t  
m e t ,  t h e  next i n s t r u c t i o n  i s  n o t  assembled,  

Tqe s ta te -  
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Elem2nts may be compared i n  t h e  Yrariabls: fiehj. C T  ar) <'ifn1 
statement.  by t h e i r  s e t - v a l u e s  o r  by t h e i r  X T !  vaiJps. They may 
be compared on t h e  b a s i s  of g r e a t e r  t h a n ,  e q a a i  t o  o r  less  t h a n ,  
and s u c c e s s i v e  " i f ' s ' '  may be combined by u s i n g  the l o q i c a l  OH 
or t h e  l o g i c a l  A L D .  Some examples: 

ADDD IWCRO A , B , C  
CLA A 
ADD B 
I F F  /C/=/STOR/ 
STO C 
ENDM ADDD 

L 2  t h e  parameter  s u b s t i t u t e d  f o r  "dummy" argument C when 
t h e  macro i n s t r u c t i o n  ADDD is  u s e d  is no t  l i t e r a l l y  t h e  symbol 
" S T O R " ,  t h e n  and only  t h e n  i s  the S T O  i n s t r u c t i o n  assembled. 
Two u s e s  of ADDD: I 

ADDD X , , Y , Z  ADDD X,Y,STOR 

produce:  

CLA X CLA x 
ADD Y ADD v 
STO Z 

The way t o  t h i n k  of t h i s  i s  t h a t  STO Z i s  assembled because 
t h e  c o n d i t i o n  of t h e  " i f "  s ta tement  p reced ing  it w a s  met, 1.e. 
it - is  f a l s e  t h a t  " Z "  i s  l i t e r a l l y  i i S ~ O ~ i i  - t h e r e f o r e  assemble 
STO z. 

--- I- 

Suppose it i s  d e s i r e d  t h a t  t h e  SYO i n s t r u c t i o n  be assembled 
o n l y  i r '  t h e  argument s u b s t i t u t e d  f o r  t h e  "dummy" argument C 
n o t  STOR,  and if t h e  argument i s  a symbol t h a t  has  been p r e v i o u s l y  
d e f i n e d  ( w e  assume h e r e  t h a t  it has no t  appeared i n  a SET o p e r a t i o n ) ;  
i . e . ,  t h e  c o n d i t i o n s  f o r  assembly of 3TO C a r e :  I'C"'#"STOR" and t h e  
s e t - v a l u e  of " C " = l .  

ADDD MACRO A , B , C  
CLA A 
IFF /C/=STOR/, AND 
IFT C=1 
STO c 
EXDM ADDD 
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STO C w i l l  be assembled i f  and only i f  bo th  c o n d i t i o n s  
~ 

(because of t h e  "AND") a r e  m e t .  

T o  assemble STO C if e i t h e r  c o n d i t i o n  (or b o t h )  IS m e t ,  re- 
p l a c e  "ANI)" w i t h  "OR".  

T o  assemble STO C only i f  the s e t - v a l u e  of t k z  srgumint  
which r e p l a c e s  C has  a s e t - v a l u e  q r e a t e r  t h m  5 { f o r  exarnpln;:. 

I F T  c=+5 
STO C 
ENDM ADDD 

T o  assemble STO C on ly  i f  the  s e t - v a l u e  of t h e  argument 
which r e p l a c e s  C has  a s e t - v a l u e  less than  1 0  ( f o r  example) :  

I F T  C=-lO 
S TO C 
ENDM ADDD 

To assemble STO C i f  t h e  s e t - v a l u e  of t h e  argument which 
r e p l a c e s  C h a s  a s e t - v a l u e  g r e a t e r  t han  5 b u t  l e s s  than  10: 

I F T  C=+5, AND 
I F T  C=- lO 
S TO C 
ENDM ADDD 

T o  assemble STO C i f  t h e  s e t - v a l u e  of t h e  argument which re- 
p l a c e s  C has  a s e t - v a l u e  g r e a t e r  than 5,  l e s s  t han  1 0 ,  and i f  it 
i s  n o t  l i t e r a l l y  t h e  symbol  "STOR",  o r  i f  and only  i f  i t  i s  t h e  
symbol "BUD" : 
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I f  

I F T  c=+5 I AND 
IFT C = - 1 O , A M B  

IFT 
STO MAC 
ENDM ADDD 

IFT /C/=/STOR/, OR 
/C /= /B LrB / 

t h i s  l a s t  mentioned ADDD i s  used a s  fo l lows :  

BUD SET 

ADDD 

STOR SET 

ADDD 

t h e  f o l l o w i n g  code 

1) CLA X 
ADD Y 
STO MAC 

3 3 )  SAM SET 7 

X,Y,BUD 

9 

X I  Y ,  STOR 

i s  g e n e r a t e d :  

4 )  BOB 

ADDD X,Y,SAM 

SET 5 

ADDD X,Y,BOB 

2 )  CLA X 3 )  CLA x 4) CLA x 
ADD Y ADD Y ADD Y 
STO MAC 

The x e l a t l o n a l  o p e r a t o r s  " g r e a t e r  t h a n "  "equa l  t o " ,  and 
"less t h a n "  all may be used w i t h  BCD f i e l d s .  
are compared on a l e f t - j u s t i f i e d ,  s c i e n t i f i c  c o l l a t i n g  sequence,  
and some care i s  r e q u i r e d  i n  hand l ing  t h e s e ,  
s t a t e m e n t  

However, t h e s e  f i e l d s  

For  example,  t h e  

I F T  /10/=+/3/ 

is not t r u e ,  and t h e  n e x t  i n s t r u c t i o n  w i l l  n o t  be assembled. 
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The "'if'' s t a t e m e n t ,  u n l i k e  IRP,  may be as23 aryw5ere A n  t k e  
program and n o t  j u s t  i n  macro d e f i n i t i o n s ;  I-towever, it y i e l d s  Its 
greatest  u t i l i t y  i n  macro d e f i n i t i o n s .  It : s i n g l y  or  in cor .Jcmed 
g roups )  on ly  a f f e c t s  the assembly o f  t h e  sifiqle c p r a t i c n  f c l L o w -  
i n g ,  b u t  t h a t  o p e r a t i o n  may be a macro c p e r a t i o n  w k c h  c m  expi-d 
t o  any l e n g t h .  

U t i l i z i n q  IB-YAP Macro Genera t inq  Power 

P rev ious ly  w e  d i s c u s s e d  w r i t i n g  a macro d e f i n i t i o n  t o  e~ralriate 
a polynomial  e q u a t i o n  of any o r d e r ,  u s i n g  the IRP pseudc-opsratmc. 
It w a s  used t o  g e n e r a t e  the code f o r  ( ( ( A X  + 3 ; X  A .Z:X + 3)x - E 
as fo l lows: :  

This gene ra t ed :  

CLA A 
XCA 
FMP X 
FAD B 
XCA 
FMP X 
FAD C 
XCA 
FMP X 
FAD D 
XCA 
FMP X 
FAD E 

Using IRP, SET, and t h e  " i f "  s t a t e m e n t s ,  It i s  possiSle  to 
w r i t e  a macro d e f i n i t i o n  f o r  POLY which i s  used as fo l lows :  

POLY 

and w h i c h  assembles LDQ A i n s t e a d  o f ;CIA 

(A ,B ,C  ,D ,E 1 X 
9 P 

A(!. 
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Used POL: 

TOEFT:, VAR 
0 
COEFF 
Z , Z ,  =o 
COEFF 
z . z ,  -3 +1 

z , z ,  = 0 
T7AR 
z .z ,  = 0 
20EFF 
Z , Z .  + 1 

POLY 

( A , B ) X ,  which expands AX + B ,  t h e  code g e n e r a t e d  is: 

mQ A 
FMP X 
FAD B 

Z . Z .  i s  i n i t i a l l y  c l e a r e d  ( t h e  s e t - v a l u e )  t o  zero.  The rest 
o f  t h e  macro d e f i n i t i o n  i s  an IRP loop on t h e  dummy variable COEFF, 
This  loop, i n  expanding t h e  macro as  used ,  w i l l  be n e g o t i a t e d  
t w i c e ,  once f o r  COEFF=A and once f o r  COEFF=B. On t h e  f i r s t  t r i p  
through,  w i t h  COETF=A, Z . Z .  i s  zero ;  t h u s  LDQ A i s  assembled b u t  
n o t  XCA n o r  FMP X n o r  FAD A .  N e x t  Z . Z .  is  incremented t o  1 and 
t h e  IRP l o o p  1 s  r e e n t e r e d  f o r  COEFF=B. N e i t h e r  LDQ B n o r  XCA 
are  assembled,  b u t ,  s i n c e  Z , Z .  i s  n o t  z e r o ,  FMP X and FAD B are  
assembled and t h e  macro i s  f u l l y  expanded. I f  t h e  polynomial  
i s  grea te r  than  f i r s t  o r d e r  so t h a t  t h e  IRP loop i s  n e g o t i a t e d  
t h r e e  or  more t i m e s ,  on t h e  t h i r d  and succeeding  t i m e s  th rough 
t h e  loop (with Z . Z .  g r e a t e r  t h a n  1) t h e  XCA i n s t r u c t i o n  i s  assembled. 

Recur s ive  and Yon-Recursive N e s t e d  Macros 

A r e c u r s i v e  macro i s  one which i s  used as a n e s t e d  macro i n -  
s t r u c t i o n  w i t l - i n  i t s  own d e f i n i t i o n .  I n  t h e  fo l lowing  d e f i n i t i o n  
of a macro named POLY2 ( t h i s  t i m e  t o  e v a l u a t e  a t h i r d  o r d e r  o r  
lower polynorcial) t h e  n e s t e d  macro CYCLE i s  used: CYCLE u s e s  t h e  
n e s t e d  macro CYCLE i n  i t s  d e f i n i t i o n  - t h u s ,  i t  i s  r e c u r s i v e .  
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POLY2 

CYCLE 

MACRO 
@LA 
CYCLE 
ENDM 
MACRO 
XCA 
FMP 
FAD 
IFF 
CYCLE 
ENDM 

T'AR ,, COEFFi C O E F F 2 ,  COEFF3 , COEFF4 
COEFFI 
T;AR,C310EFF2,COEFF3,COEFF4 

-'4RBCOEFP2,COEFF3,COEFF4 
Pc); Y 2  I NOERS 

L' AR 
C0E-X 2 

VAR COEFF3 I COEFF4 
CY . L E  NOCRS 

/20EFF3/=// 

3 2  
To expand AX +EX K X + D  (= (  (AX+B)X+C)X+D) code 

POLY2 X , A ,  R , C , D  

POLY2 assembles  CLA A ,  t h e n  " c a l l s "  CSCLE sending  a long  t h e  
v a r i a b l e  name and a l l  bct the  f i r s t  c o e f f i c i e n t .  CYCLE assembles 
XCA, FMP X ,  and FAD B. S ince  COEFP3 is n o t  n u l l  ( C O E F F 3 = C ) ,  CYCLE 
"ca l l s"  i t s e l f  p a s s i n g  a long  t h e  v a r i a b l e  name and a l l  b u t  t h e  
f i r s t  two c o e f f i c i e n t s .  But now, t h e  "dummy" argument COEFF2 i s  
r e p l a c e d  by t h e  "dummy" argument COEFF3;  i . e .  t h e  nes t ed  macro is 
r e p l a c e d  by  CYCLE X , C , D .  XCA,FMP X, and FAD C a r e  now assembled. 
S ince  D i s  no t  n u l l ,  CYCLE a g a i n  ca l l s  i t s e l f :  CYCLE X , D .  XCA, 
FMP X and FAD D a r e  now assembled. But there a r e  no more co- 
e f f i c i e n t s  a f t e r  D so  t h a t  t h e  "dummy" v a r i a b l e  COEFF3 i s  re- 
p laced  by " n u l l "  and t h e  macro expansion by r e c u r s i o n  ceases. 

NOCRS, i n  t h e  second v a r i a b l e  f i e l d  of t h e  ENDM ca rd  i n  t h e  
macro d e f i n i t i o n  of POLY (and a l s o  CYCLE) ,  s i g n a l s  t h e  macro 
g e n e r a t o r  when expanding t h e  macro i n s t r u c t i o n s  d u r i n g  t h e  f i r s t  
assembler  p a s s  n o t  t o  c r e a t e  symbols for s u b s t i t u t a b l e  arguments 
which a r e  n o t  r e p l a c e d  by r e a l  ( n o t  ~ ' n G J l ' ' )  arguments of t h e  macro 
i n s t r u c t i o n  used;  i . e .  NOCRS t e l l s  the  macro g e n e r a t o r  t o  t r e a t  
arguments which a r e  n o t  supp l i ed  t o  t h e s e  macro i n s t r u c t i o n s  as 
i f  t hey  w e r e  s p e c i f i c a l l y  - blank  or z e r o  a s  a p p r o p r i a t e .  
Otherwise the macro g e n e r a t o r  would create symbols ( i f  i n  th i s  
mode) o f  t h e  form . .nnnn (such  a s  . .OOOl, . .0002,  e t c . )  f o r  t h e s e  
arguments .  S i n c e ,  i n  CYCLE, COEFF3 i s  compared l i t e r a l l y  t o  
b l a n k s  and expans ion  ends when CYCLE i s  a " n u l l "  argument,  symbols 
which might be c r e a t e d  (wi thou t  NOCRS) i n  t h e  r e c u r s i o n  must be 
suppres sed  i n  o r d e r  t o  t e r m i n a t e  t h e  expans ion  by t h i s  method. I f  
t h e y  a r e  n o t  suppressed  t h e  macro CYCLE would c a l l  i t s e l f  unend- 
i n g l y  - t h e  assembler would "hang up" i n  a loop i n  i t s  f i r s t  p a s s .  
This  e r r o r ,  c a l l e d  " c i r c u l a r i t y  o f  d e f i n i t i o n " ,  i s  t o  be avoided 
a t  a l l  t i m e s ,  and i t  is t h e  programmer's r e s p o n s i b i l i t y  t o  d e t e c t  
t h i s  s i t u a t i o n  - n o t  t h e  assembler  I s .  
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A method of e v a l u a t i n g  

a l l o t t i n g  a c e l l  t o  each product  i s  a s  fo l lows :  

LDQ 
FMP 
STO 
L.DQ 
FNP 
STO 

LDQ 
FMP 
FP D 

CN 
V‘N 
ST OR +N - 2 

FAD S T O R + 1  
FAD STOR 

where STOR i s  t h e  f i r s t  l o c a t i o n  of a b lock  of  temporary s t o r a g e  
ce l l s .  
expans ion:  

A s i n g l e  macro i n s t r u c t i o n  can be d e f i n e d  t o  do t h i s  
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It 1s also pcssible t o  s o l v e  t h i s  pro3lem by  d e f i n i n g  a macro, 
call it 
as f o l l o w s ;  

ACRCD2, which ca l l s  two r e c u r s i v e  macros, PROD and FADD, 

APRQD2 

Z,Z, 

PROD 

z ,z 0 

FADD 
Z,Z, 

-1 
T , C E  ,, V I ,  C 2 ,  V 2 ,  C 3 ,  \J3 
z ,z .=o 
T 
APROD2, NOCRS 

T , G 1 ,  V l , C 2 ,  v2, c3, v3 

z .z ,+1 

T*Z ,z 0 

/c2/=// 

T , C 2 ,  v2, c3 ,v3 

PROD, NOCRS 

T 
z ,z *-1 
TCZ,Z. 

z,z,=o 

T 
“ADD 

d e f i n e  macro f o r  max.no.of 
a r g .  d e s i r e d  
n t h  p roduc t  s t o r e d  i n  T+n-1 ce l l  
do a l l  m u l t i p l i e s  and temp. stores 
i f  there 1s more t h a n  one p roduc t  
c a l l  FADD t o  g e n e r a t e  sum 
end m x r o  and s u p p r e s s  c r e a t e d  
symbols 

d e f i n e  macro for  max. no. of 
argk d e s i r e d  
increment  p r o d u c t  c o u n t e r ,  
Z , Z . ,  by 1 
assemble LDQ f o r  p r e s e n t  C 1  
and FMP f o r  p r e s e n t  V 1  
i f  t h e r e  are more p r o d u c t s  t o  
assemble 
s t o r e  t h i s  p r o d u c t  i n  temp c e l l  
i f  there are more p r o d u c t s  t o  
assemble 
c a l l  PROD to assemble t h e  n e x t  
one 
end macro and s u p p r e s s  c r e a t e d  
symbols 

RRF CD2 STOR,  C1, VI, C 2 ,  V 2 ,  C 3 ,  V3 

d e f i n e  macro w i t h  one argument 
decremer,t p r o d u c t  c o u n t e r  by 1 
FAD t e m p  storage c e l l  (reverse 
o r d e r )  
i f  t h e r e  is s t i l l  a p r o d u c t  
un s ummed 
c a l l  FADD t o  sum i t  

the code o - ~ t l i n e d  p r e v i o u s l y  i s  aga in  g e n e r a t e d .  
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The q u e s t i o n  a r i s e s :  n i c h  APRQD macro d e f i n i t i o n  i s  pre- 
ferable? There are  s e v e r a l  f a c t o r s  t o  be cons ide red .  APROD1, 
a s  i s ,  c a n  h a r d l e  ar i n d e f i n i t n  number of p r o d u c t s  whereas  the 
d e f i n i t i o n  of APROD2 (and PR03) m u s t  be changed t o  i n c l u d e  t h e  new 
arguments whenever 3 new maximum nurclber (greater thar,  t h e  number 
in t h e  present d e f i n i t i o n ;  i.e. 3 )  of  p r o d u c t s  is r e q u i r e d .  APROD1, 
b e i n g  longe r  t h a n  t h e  combined l e n g t h s  of  APROB2,PROD,  and FADD, 
r e q u i r e s  more ce l l s  i n  t h e  macro s k e l e t o n  t a b l e ,  b u t  r e q u i r e s  
fewer e n t r i e s  An t h e  macro parameter  t ab l e ,  However, APRODl re -  
q u i r e s  t h a t  L2P " i f "  s t a t e m p n t s  !P is the number of p r o d u c t s ) ,  
14P+3 SET s t a t emer t s ,  and 3 " I R P  loops"' be p r o c e s s e d ,  w h i l e  
APROD2 ( i n c l u d i n g  its n e s t e d  r e c u r s i v e  macros) r e q u i r e s  on ly  t h e  
p r o c e s s i n g  of  3P o c l L f n s 4 ' g  2P SET'S and 2P - 1 n e s t e d  macros - re- 
s u l t i n g  i n  r e l a t i v e l y  s h o r t e r  assembly t i m e  f o r  t h e  expans ion  of 
APROB2 a s  compared w i t h  A P R O D l  (about  16 - 25% of t h e  t ime).  

Comparing t h e  f i r s t  non-nested I non-recurs ive  PCLY macro 
( d e f i n e d  i n  t h e  s e c t i o n  " I R P  - t h e  I n d e f i n i t e  Repeat  Pseudo- 
O p e r a t i o n " ,  page 9)  w i t h  POLY2, page 18 (because they  expand 
t o  t h e  s a m e  code)  ', one f i n d s  t ha t  POLY r e q u i r e s  the p r o c e s s i n g  
of no no SET'S and 1 " I R P  loop" ,  w h i l e  POLY2 r e q u i r e s  
the p r o c e s s i n g  of C s r i f u s e '  (where C 1 s  t h e  number of  c o e f f i c i e n t s  
i n  the p o l y n o m i a l ) ,  no SET'S and C n e s t e d  macros. Obviously,  
POLY shou ld  assemble c o n s i d e r a b l y  f a s t e r  t han  POLY2 

I n  g e n e r a l ,  however, it may be s t a t e d  t h a t  a macro d e f i n i t i o n  
u t i l i z i n g  n e s t e d  r e c u r s i v e  macros w i l l  p robably  expand f a s t e r  
( i . e .  r e q u i r e  less  assembly t i m e )  than  t b e  e q u i v a l e n t  non- recu r s ive  

macro whenever a c t i o n  i s  r e q u i r e d  i n  t h e  " I R P  loop"  o f  t h e  non- ' 

r e c u r s i v e  macro which Ls dependent upon p a r t i c u l a r  subarguments 
of the ERP p3,rameter. To d i f f e r e n t i a t e  between subarguments 
r e q u i r e s  " i f @ '  s t a t e m e n t s ,  (and u s u a l l y  SET'sj a n d  t h e s e  r e q u i r e  
a d d i t i o n a l  process ing Recurs ive  macros bowever do  n o t  have 
t o  d i f f e r e n t i z i t e  between subargumepts ( i n  f a c t  ' ? I R P  loops"  are 
r a r e l y  used  ?-ere),  because  each  parameter  is s e p a r a t e l y  named 
i n  t h e  a r g u m e n t  l i s t .  

The p r imary  v i r t u e ,  t h e n "  of r e c u r s i v e  macros i n  r e p l a c i n g  
I R P ' s ,  3 ' i f ' s D  II a n d  SET'S i s  speed  1 and t h e  pr imary v i r t u e  of 
IRP's, e k e ,  i n  non-recurs ive  macros is that t h e  number of sub- 
arguments  of a n  argument may be " ' l i n i t l e s s ' '  and independent  of 
the macro definition, 
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Non-reccrsive nes;ted I~?EIc-'Q'-: lnay 2lso S3 of zors  idexable  u t i l i  
t o  t h e  programaer who i s  fazed  w i t l -  ii t?.sk of out -of - the  o r d i n a r y  
complexi ty .  For example, i n  exFlor is,g t k e  p o s s ~ b ~ l s t  i s s  of  more 

-Y 

- 

e f f i c i e n t  compi l a t ion  of a r i t h m e t i c  statements 
a package f 'Mactran' ' )  of 20 mazros r?.-s;ted 11 -3a=-p, t o  azcomplish 
t h e  t a s k  of compi l a t ion .  

t F e  au tho r  developed 

PMC - t h e  P r i n t  Macro Cards Pseudo Qpgraticr 

I f  t h e  programmer d e s i r e s  tc k av-= t F e  ~ o r n ~ l ~ t ~  e x p m s i o n ,  
inc luding  " i f "  and SET s t a t e m e n t s  and rnnmnor.:23 f o r  a l l  assembled 
and unassembled i n s t r u c t i o n s  and pseudo ops x tb? ordPr i n  which 
they a r e  p rocessed ,  he may use  the  DMC o p e r a t i o n .  {Cood-lng 

w i l l  y i e l d  t h e  complete expansior, ; T I ? P 8 5  a r e  net p r i n t e d ;  

( t h e  normal mode) suppres ses  a l l  oxpanslor, of maeros e x c e p t  f o r  
assembled macro i n s t r u c t i o n  names 2nd arguments.  Coding BMC w i t h  
any o t h e r  v a r i a b l e  f i e l d  r e v e r s e s  t he  setting of t h e  s w i t c h .  The 
swi t ch  s e t t i n g  may be changed a s  many t imas  an3  a t  a s  many p l a c e s  
i n  t h e  program deck as d e s i r e d  by  t h e  i r s e r t i o n  of t h e  proper  
PMC cards. 

ETC Cards i n  Macro D e f i n i t i o n s  and I c s t r u c t l o n s  

I f  a macro d e f i n i t i o n  r e q u i r e s  more "dum~y"  arguments than  
can be p u t  on t h e  MACRO card,  tbe ETC cird r a y  be used ( t h e  maxi- 
mum number of s u b s t i t u t a b l e  argunents  is still l i m r t e d  t o  6 3 ) .  
For example: 

MACRO AI. TRFXS BUF I HERE SMF 
E TC STOR , T0Y 

A comma may also f o l l o w  HERE, b u t  is not reqcir53. 
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There are two ways to use  ETC c a r d s  when u s i n g  macro i n s t r u c -  
t i o n s .  The f i r s t  i s  s i m i l a r  t o  the  u s e  of ETC i n  t h e  macro d e f i n i t i o n  
(above) : 

SMF 
ETC 

I n  t h i s  c a s e ,  however, t h e  comma fo l lowing  Z i s  r e q u i r e d .  
I f  an ETC c a r d  i s  r e q u i r e d  w h i l e  w r i t i n g  o u t  t h e  s u b s t i t u t a b l e  
subarguments r e p l a c i n g  a "dummy" argument, t h e  subarguments 
- must ex tend  i n t o  column 72 and then be cont inued  on a fo l lowing  
ETC c a r d  - even i f  t h i s  means b reak ing  up a symbolic name. For 
example, 

8. 
SMF 
ETC 

12-16 72 
ERROR ,ABC (MM ,X ,Y, . . . I SYM 
BOL, T ,  U ,  V , X )  A ,B I C  

An A d d i t i o n a l  Note on t h e  SET Pseudo Opera t ion  

I f  t h e  macro d e f i n e d  as  fo l lows :  

EXAMP MACRO A ,B 
Z , Z .  SET A 

IFT B=6, AND 
IFT z .z .=o 
CLA xx 
ENDM EXAMP 

i s  used:  

t h e n  
i s  assembled.  

EXAMP 13 .5 ,6  w h e r e  13 .5  i s  a f l o a t i n g  

CLA xx 
p o i n t  number, 
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The p o i n t s  here emphasized a re  that the s e t - v a l u e  of a f l o a t -  
ing p o i n t  cons tan t -  i s  zero  (it  cannot be d i f f e r e n t i a t e d  i n  t h i s  
r e s p e c t  from a v i r t u a l  symbol) ,  and t h a t  t h e  s e t - v a l u e  of a 
f i x e d  p o i n t  c o n s t a r t  i s  e q u a l  t o  t h e  va lue  of t h e  f i x e d  p o i n t  
constant-modulo 32  768. 

D i scuss ion  of t h e  Opera t ion  and Use of t h e  Macro Generator  

The "device"  t h a t  i s  c a l l e d  t h e  "'macro g e n e r a t o r "  i s  noth' ing 
more than  t h e  p a r t  of t h e  IBMAP assembler t h a t  is r e s p o n s i b l e  
f o r  t h e  checking apd s p e c i a l  encoding of macro d e f i n i t i o n s  
i n t o  t h e  macro s k e l e t o n  t a b l e  and fo r  t h e  checking and ex- 
pans ion  of macro i n s t r u c t i o n s  where they occur i n  t h e  pro-  
gram deck. b y  decoding t h e  d e f i n i t i o n  i n  t h e  macro s k e l e t o n  
t a b l e  back i n t o  BCD-like r e p r e s e n t a t i o n .  IBMAP is  a two p a s s  
( r e a l l y  2 1 /21  a s semble r .  b u t  t h e  a c t i o n  taken b y  t h e  macro 
g e n e r a t o r  i s  i n  t h e  f i r s t  pas s  only .  Thus, code "gene ra t ed"  
i n  a macro expansion and programmer gene ra t ed  code look 
e s s e n t i a l l y  t h e  same t o  t h e  second p a s s  of t h e  assembler .  

The encoded form of t h e  macro d e f i n i t i o n  i n  t h e  macro 
s k e l e t o n  t a b l e  i s  b i n a r y  coded decimal ,  w i t h  s p e c i a l  c o n t r o l  
c h a r a c t e r  u se  be ing  made of t h e  o c t a l  numbers 75,  7 6 ,  and 77  
(which do n o t  r e p r e s e n t  any BCD c h a r a c t e r ) .  These c o n t r o l  
c h a r a c t e r s  may appear  e i t h e r  a lone o r  w i t h  ano the r  c o n t r o l  
c h a r a c t e r  and t h e i r  meaning v a r i e s  acco rd ing ly .  They a r e  used 
b o t h  t o  p r e f a c e  and t o  s u f f i x  segments of t h e  BCD code.  For 
example, t h e  s u f f i x  7577 s i g n a l s  t o  t h e  macro g e n e r a t o r  t h a t  
t h e  end of  t he  macro has  been reached ,  The scheme is  s i m i l a r  
i n  g e n e r a l  t o  t h e  scheme used i n  PRESTO 

The encoding of t h e  macro d e f i n i t i o n  and t h e  decoding of 
t h e  d e f i n i t i o n  f o r  t h e  expansion of each macro i n s t r u c t i o n  
encountered  is accomplished q u i t e  r a p i d l y .  The "IRP loops ' '  
a r e  a c t u a l l y  expanded du r ing  t h e  decoding p rocess  i t s e l f ;  
i n  f a c t ,  t h e  "oper!ing'R IRP pseudo-op i s  r e p l a c e d  i n  t h e  macro 
s k e l e t o n  t a b l e  b y  t h e  code 7676M, where N i s  t h e  p o s i t i o n  of 
t h e  "dummy" argument i n  t h e  argument l i s t  (01,  0 2 ,  e t c . )  and 
t h e  " c l o s i n g "  IRP pseudo-op is  rep laced  by 7677.  Thus,  t h e  
r e a s o n  no IRP o p e r a t i o n  appears  i n  t h e  programmer's assembly 
l i s t i n g s ,  even w i t h  PMC OM, i s  because t h e  BCD r e p r e s e n t a t i o n  
of t h i s  pseudo-op does n o t  e x i s t  a f t e r  t h e  f i r s t  assembly 
p a s s .  

The 'I if I' pseudo-opera t ions  and t h e  SET pseudo-operat ion 
a r e  also e v a l u a t e d  i n  t h e  a s s e m b l e r ' s  f i r s t  p a s s .  That t h i s  
m u s t  be so can be seen from t h e  fol lowing:  
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where Moc i s  a p r e v i o u s l y  d e f i n e d  macro i n s t r u c t i o n .  I n  o r d e r  t o  
expand t h e  macro XXX i t  must f i r s t  be known i f  i t  i s  t r u e  t h a t  t h e  
S-value of Z,Z. i s  6 .  S ince  macro expansions occur  i n  t h e  f i r s t  
p a s s ,  s o  then  must ' ' i f ' q  and SET be e v a l u a t e d  i n  t h e  f i r s t  p a s s .  

Some mention h a s  a l r e a d y  been made of t h e  t r a d e - o f f s  involved  
i n  chas ing  t h e  "best" way t o  w r i t e  a macro d e f i n i t i o n  t o  do  a p a r -  
t i c u l a r  Job (see t h e  s e c t i o n  "Recursive and Non-Recursive Nested 
Macros '" 1 . B a s i c a l l y ,  t h e r e  a r e  t h r e e  f a c t o r s  t o  be cons ide red :  
The e f f i c i e n c y  of t h e  o b j e c t  code t h a t  t h e  macro produces ,  t h e  
t i m e  r e q u i r e d  by t h e  assembler  t o  expand the macro whenever i t  i s  
used ,  and t h e  number of macro d e f i n i t i o n s  d e s i r e d  f o r  one program 
deck ( each  program deck ,  s i n c e  i t  is  assembled s e p a r a t e l y ,  must 
have i t s  own macro d e f i n i t i o n s ) .  A macro d e f i n i t i o n  t h a t  produces 
t h e  s h o r t e s t  o b j e c t  code t o  d o  the job u s u a l l y  i s  longer  than  one 
which produces code which i s  n o t  a s  e f f i c i e n t .  The longer  t h e  de- 
f i n i t i o n  i s ,  t h e  more pseudo ops ( " i f ' s " ,  SET'S, and IRP ' s  p a r t i c u -  
l a r l y )  i t  w i l l  u s u a l l y  c o n t a i n  and t h e  longe r  t h e  t i m e  t h a t  i s  
u s u a l l y  r e q u i r e d  t o  expand each macro i n s t r u c t i o n .  On t h e  o t h e r  
hand,  t h e  s h o r t e r  t h e  d e f i n i t i o n  i s ,  t h e  more room f o r  a d d i t i o n a l  
d e f i n i t i o n s  t h e r e  i s .  

Obviously t h e n ,  t h e  answer t o  how a p a r t i c u l a r  macro d e f i n i t i o n  
can best be w r i t t e n  w i l l  depend on t h e  c i r cums tances .  The a u t h o r ' s  
g e n e r a l  rule-of-thumb i s :  w r i t e  the  macro d e f i n i t i o n  t h a t  w i l l .  
assemble t h e  best  object code c o n s i s t e n t  w i t h  t h e  number of  macro 
d e f i n i t i o n s  n e c e s s a r y  f o r  t h e  program deck - and l e t  t h e  assembly 
t i m e  t a k e  c a r e  of i t s e l f .  

The amount of space  a v a i l a b l e  f o r  macro d e f i n i t i o n s  v a r i e s  
because  t h e  macro s k e l e t o n  t a b l e  sha res  a b l o c k  of c o r e  w i t h  t h e  
macro parameter  table.  Macro s k e l e t o n  t a b l e  overf low i s  l i k . e l y  
t o  w c u r  when t h e  number of l i n e s  of coded macro d e f i n i t i o n s  

approaches"  400. The error message r e c e i v e d  i s  "Macro Ske le ton  
Table  Overflow, N o  More D e f i n i t i o n s  Accepted".  I t  i s  an e r r o r  
of l e v e l  4 .  A l s o  p o s s i b l e  i s  t h e  "Macro Parameter Push Down Table  
Overflow" message of s e v e r i t y  5.  



27 

As p a r t  01 a r e c e n t  study--an a t t empt  t o  r e a d  c e r t a i n  F o r t r a n  
source  s t a t e m e n t s  ( w i t h  p o s s i b l y  s l i g h t  r e v i s i o n !  d i r e c t l y  i n t o  
t h e  Z E W P  assembler t o  be t r a n s l a t e d  and assembled b y  a group of 
macros "Mactran"1 i n s t e a d  of by a compiler--a se t  of macro de- 
f i n i t i o n s  w e r e  developed which might be of i n t e r e s t  t o  t h e  a p p l i c a t i o n s  
programmer. These Mactran d e f i n i t i o n s  enable  the programmer t o  
use  t h e  F o r t r a n  "Go T o " ,  "Computed G o  T o " ,  and " D o "  and "Continue I' 
s t a t e m e n t s ,  and s i m p l i f i e d  forms of t h e  "Read" and ' ' W r i t e "  s t a t e m e n t s .  

- The "Go T o "  -- and t h e  "Compiited G o  To" S ta tements  

G O - T O  MACRO 
Z . Z .  S F,T 

I R P  

Z . Z .  SET 
TRP 
IFF 
LAC 
LFF 
TXL 
I F F  
TRA 

LRP 
?'HA 

I R P  
ENDM 

A , B  
0 
A 

Z,Z,+l 

z . z .. =1 
B , 4  
Z,Z,=l 
ERROR,4,-Z.Z.-1 
Z,Z,=l 
* ,4  

A 
A 

"JO.TO 

Coding: 8 12-16  
I f 0  .TO (Xl, Y1, z1)AA 

assemble t.he fo l lowing  code: 

LAG AA,4 
TXL ERROR 4 , -4 
*r RA * , 4  
?IRA x1 
T RA Y1 
TRA z1 

" G o  T o "  o r  "Computed r;c T o "  macro 
i n i t i a l i z e  t r a n s f e r  p o i n t  coun te r  
e n t e r  " I R P  loop"  t o  count  t r a n s f e r  
p o i n t s  
increment t r a n s f e r  p t .  coun te r  by 1 
end count l o o p  
i f  t h i s  is a "Computed G o  To" 
load XR4 w i t h  2 ' s  comp of index ,  B 
i f  t h i s  is a "Computed .yo To" 
t e s t  l e g i t i m a c y  of index 
i f  t h i s  is a "Computed Go T o "  
t r a n s  t o  proper  t r a n s f e r  u s i n g  
index 
e n t e r  t r a n s f e r  p o i n t  loop  
assemble a t r a n s f e r  f o r  each  t r a n s  
p o i n t  
end t r a n s f e r  point.  l oop  
end macro 

where ERROR is t h e  name of t h e  u s e r  supp l i ed  e r r o r  r o u t i n e  f o r  an  in -  
c o r r e c t  i ndex  value. If no checking of index v a l u e  is  d e s i r e d ,  t h e  
TXL i n s t r u c t L o n  and t h e  IFF ope ra t ion  preceding  it may bo th  be re- 
moved from t h e  d e f i n i t i o n ,  



N o t e  t h a t  t he  code produced by t h i s  d e f i n i t i o n  i s  e s s e n t i a l l y  
i d e n t i c a l  t o  the  code compiled by F o r t r a n  I V  f o r  the "Computed 
G o  T O "  s t a t e m e n t .  N o t e  a l s o  t h a t  G O - T O  d e s t r o y s  the c o n t e n t s  
of index  reg is te r  4;  i t s  c o n t e n t s  should be saved pr ior  t o  coding  
GO.TO i f  r e q u i r e d .  The GO.TO d e f i n i t i o n  can  be al tered t o  do t h i s  
( n o t  shown). 

Coding 8 12-16 
GO.TO BLAZES 

produces the s i n g l e  i n s t r u c t i o n :  

TRA BLAZES 

and index  regis ter  4 i s  n o t  des t royed .  

Imbedded b l a n k s  are n o t  a l lowed i n  t h e  names of macro i n s t r u c t i o n s -  
hence the  ' ' per iod"  i n  "GO .TO". 
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I I n  F o r t r a n  one w r i t e s :  

DO 100 I=1,10,2 or 
DO 200 J=2,12 e tc .  

I n  IBMAP u s i n g  t h e  above Mactran macro d e f i n i t i o n s  one may code , 8 12-16 
DO AL I 1 I 1 0  , 2 o r  
DO BB , J 2 I 12 

BR C O N T I N  

A L  CONTIN 

Note t h a t  CONTIN must be coded a t  t h e  end o f  t h e  DO loop. Any sym- 
b o l i c  name may be used f o r  any argument ( t h e r e  a r e  no f i x e d  re- 
s t r i c t i o n s ) .  

These Mactran DO loops  may be n e s t e d  t o  any l e v e l .  The t a g  
used i n  t h e  f i r s t  l e v e l  is 2 ,  the t ag  used i n  t h e  second l e v e l  is 
1, t h e  t h i r d  2 ,  e tc .  The p e r t i n e n t  t a g  i s  a u t o m a t i c a l l y  saved be- 
fore e n t e r i n g  each  DO and r e s t o r e d  upon l e a v i n g .  The index  i s  n o t  
s t o r e d  a t  t h e  t o p  of t h e  DO loop. I f  t h e  programmer d e s i r e s  t o  
s tore  the updated index ,  t h e  f i r s t  i n s t r u c t i o n  b e f o r e  the DO i n -  
s t r u c t i o n  should  be "STZ index"  and t h e  f i r s t  i n s t r u c t i o n  fo l low-  
i n g  t h e  DO i n s t r u c t i o n  should  be "SCA index,  T.T." 

I n  t h i s  f o r m  of DO and CONTIN t h e  index  is g i v e n  an i n i t i a l  
v a l u e  of -C and is  incremented by  -E u n t i l  it is  greater t h a n  
-D-1. T h i s  conforms t o  t h e  For t r an  IV conven t ion  f o r  forward-  
s t o r e d  a r r a y s .  To g i v e  t h e  index  an o r i g i n a l  v a l u e  of C and t o  
inc remen t  it b y  E u n t i l  it s u r p a s s e s  D. conforming t o  the F o r t r a n  I1 
conven t ion ,  u s e  t h e  fo l lowing  Mactran d e f i n i t i o n s :  
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H e r e ,  t o o ,  CONTIN be coded a t  t h e  end of t h e  DO l o o p ,  
any symbolic  name may be used for  any argument ,  t h e  DO loops may 
be n e s t e d  t o  any l e v e l ,  and t h e  p e r t i n e n t  t a g  (241,2q..ql i s  au to -  
m a t i c a l l y  saved b e f o r e  e n t e r i n g  each DO and r e s t o r e d  upon l e a v i n g  
t h e  loop. The index  is  n o t  stored a t  t h e  t o p  o f  t h e  DO loop. If 
t h e  programmer d e s i r e s  t o  s t o r e  the  updated  i n d e x ,  t h e  f i r s t  i n -  
s t r u c t i o n  before t h e  DO i n s t r u c t i o n  should  be "STZ index" and t h e  
f i r s t  i n s t r u c t i o n  fo l lowing  t h e  DO i n s t r u c t i o n  should  be " S W  i n -  
dex, TOT." 

I f  t h e  fo l lowing  i s  coded: 

1 8 
DO 

12-16 
FSAM,X,l,N (Meaning: DO FSAM 

X = l  I N) 

FSAM C O N T I N  

t h e  fo l lowing  i s  g e n e r a t e d  by each set  of macros: 

FII - F I V  - 
SXA 
LAC 
TXI 
SXD 
AXC 
SXD 
STL 

FSAM TXI 
ZXH 
AXT 

GSAM 

FSAM+2 2 
N32 
*+l, 2 -1 
FSAM+1 2 
1,2 
FSAM,2 
FSAMi 1 

DO GSAM,I,1,9,3 

C 0 MT .I N 

SXA 
LXA 
SXQ 
AXT 
SXD 
STL 

T X I  
TXL 
AXT 

FSAM+2 / 2 
No2 
FSAM+l I 2 
1 , 2  
FSAM 2 
FSAM-bl 

*+1,2, ** 
* * # 2 d * *  
* f , 2  

(meaning: DO GSAM I=1,9,3) 
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i s  assembled as f o l . l o w s  - i f  i t  i s  the 6th nes t ed  DO loop i n  a 
'Ones t" : 

F I V  - 
SXA 
AXC 
TXI 
SXD 
AXc 
SXD 
Axc 
S TL 

GSAM+2 I 1 
9 , i  

3,1 

*+l,l,-1 
GSAM+1,1 

GSAM, 1 
111 
GSAM+1 

F I I  - 

SXA GSAM+2 I 1 

SXD GSAM+l I 1 

SXD GSAM, 1 

S TL GSAM+1 

AXT 981 

AXT 3,1 

AXT 111 

GSAM TXI * + I l l , * *  GSAM T X I  *+1,1 ** 
TXH **,1,** TXL 
AXT 1 AXT **,I 

The ' ' R e a d ' 8  and " W r i t e "  S t a t e m e n t s  

I n  For t ran  I V  one may w r i t e :  

READ (5,100)A,BlC 
and 

WRITE ( 6  I 200)X, Y ,  Z I Z Z  

U s i n g  the  Mactran macro d e f i n i t i o n s  one may w r i t e :  

8 12-16 
READ (5#AL)A,B,C and 

WRITE (6 I SAMIX, Y, Z I ZZ  
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T h u s  coding : 

READ 

WRITE 

produces the following code: 

TSX 
T X I  
PZE 
PZE 
PZE 
TSX 
STO 
TSX 
STO 
TSX 
STO 
TSX 

TSX 
T X I  
PZE 
PZE 
PZE 
CLA 
TSX 
CLA 
TSX 
CLA 
TSX 
CLA 
TSX 
TSX 

(6 ,  SAM) X , Y , 2 , ZZ 

.FRDD ., ,4 
*+4, ,2 

.UNO5. 
AL 
. FCNV e ,4 
A 
,FCNV a ,4 

B 
.FCNV. ,4 

C 
. FRTN . ,4 

,4 
*+4, ,2 

. UN06. 
SAM 
X 
.FCNV . ,4 

Y 
.FCNV, ,4 
Z 
.FCNV. ,4 
zz 
.FCNV. ,4 
,FFIL. ,4 
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This  Mactran code i s  i d e n t i c a l  t o  t h e  code produced b y  t h e  
F o r t r a n  IV compiler f o r  e q u i v a l e n t  sou rce  s t a t e m e n t s  I except t h a t  
F o r t r a n  compiles t h e  pseudo-opera t ion  CALb i n s t e a d  of TSX, e t c .  
As t h e  READ an3  WRITE macros are de f ined  h e r e  they  hand le  u p  t o  
5 parameters i n  t h e  I /O  l i s t .  To increase the maximum number 
of parameters t h a t  t hey  can  handle  t h e  number of  "dummy" arguments  
must  be i n c r e a s e d  i n  the  READ and WRITE macro d e f i n i t i o n s ,  and 
t h e  number of subarguments of W,T and R O D  must a l s o  be i n c r e a s e d .  
(Note t h a t  t h e s e  macros embody a technique  f o r  making t h e  arguments  
of one macro subarguments of a lower n e s t e d  macro.! 

For example, t o  increase t h e  l i s t  c a p a b i l i t y  of  WRITE t o  a 
maximum of  sevep parameters the fo l lowing  changes a re  r e q u i r e d :  

WRITE MACRO A,B,C J D , E , F , G , H  

and 
W o T  [ B , C , D , E , P , G , H )  

Mote t h a t  these d e f i n i t i o n s  do g offer  t h e  c a p a b i l i t y  of 
t h e  " impl ied  DO loop" i n  t h e  argument l i s t  t h a t  F o r t r a n  does .  

These M a c t r a n  d e f i n i t i o n s  u s e  the F o r t r a n  IV Read-Write 
D e c i m a l  l i b r a r y  r o u t i n e ,  FWRD, which i n  t u r n  u s e s  I O C S ,  so  t h a t  
a l l  1/0 u s i n g  t h e s e  i n s t r u c t i o n s  is  f u l l y  and a u t o m a t i c a l l y  
over lapped .  

The "format s t a t e m e n t "  r e f e r e n c e d  i n  both the READ and WRITE 
i n s t r u c t i o n s  must conform t o  F o r t r a n  s t a n d a r d s .  It must be i n  
BCD form, must b e g i n  and end w i t h  opening and c l o s i n g  p a r e n t h e s e s ,  
and must  c o n t a i n  on ly  matched pa i r s  of  p a r e n t h e s e s  (except i n  
a Holler i th  f i e l d ] .  For examples WRITE (6,BBB) refers  t o  the 
f o r m a t  s t a t e m e n t  a t  BBB,  A t  BBB one might  f i n d :  

BBB B C I  6 (lE023X21HSTD. FORT CONVENTION) 

Again READ (5,XXXjA,B,C refers  t o  t h e  format s t a t e m e n t  XXX, A t  
XXX one migh t  f i n d :  

xxx BC6 3 (F15 .4,  I2/E12,5) 

B l a n k s  i n  "format s t a t e m e n t s "  a r e  permissable.  See t h e  
Systems Reference  L i b r a r y  manual TBM 7090/7094 Programming 
Systems,  F o r t r a n  JV Language" C 2 8 - 6 2 7 4  for  d e t a i l e d  in fo rma t ion  
on READOWRITE a n d  FORMAT s t a t e m e n t s .  
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